Assessing the medical and nonmedical use (NMU) of stimulants and diversion is a challenge, especially among youth, with different methods for recruitment and definitions of NMU. The field needs inexpensive, yet effective and reliable, methods of data collection to understand the prescription drug use problem. Most studies of youth are school or web-based, and conducted with teens.
INTRODUCTION
Many methodological challenges exist in the assessment of nonmedical use (NMU) of prescription medications among adults. This begins with substantial variation in the definition and questions used to assess it [1] [2] [3] . NMU is defined as 'misuse' or 'abuse', and is often referred to as use that deviates from the prescribed dose, route, or frequency of administration, or use without a prescription. Medical use is typically defined as use according to the labeled route, frequency, and dose of drugs obtained with one's own prescription. Any use includes both medical and NMU. Because of the definitional challenges, and because NMU with a prescription is often neglected as a definition of misuse, comparisons among studies are difficult. This article examines two areas of emerging concern: surveillance of young adults, and misuse and diversion of specific stimulant drugs, by illustrating these issues with data from a recent US national survey.
Engaging youth in research
Challenges exist in assessing youth, who are often thought to be questionable sources of information on their own use and NMU. Thus, many researchers use parents as proxy reporters because children may not be aware of the name or indication of their own prescription(s), often dispensed by parents at home or by teachers at school. Also, parental consent is usually required to obtain data from youth themselves and parents may decline to allow their children to participate in research.
Despite the earlier mentioned limitations, two United States national sources of data on prescription drug use among youth exist: the National Survey on Drug Use and Health (NSDUH) and Monitoring the Future (MTF). NSDUH conducts computerassisted personal interviews with respondents 12 years of age and older in their homes [4, 5, 6 8th (13) (14) year olds), 10th (15) (16) year olds), and 12th (17) (18) year olds) graders completed in their classrooms [7 && ]. NMU of prescription drugs is assessed in NSDUH by the question: 'Have you ever, even once, used (DRUG), that was not prescribed for you or that you took only for the experience or feeling it caused?' In MTF, it is assessed with 'On how many occasions (if any) have you used (DRUG) on your own -that is, without a doctor telling you to take them?' Both studies require parental consent.
Emerging problem of prescribed stimulant use and diversion
Sweeney et al. [8] reported lifetime NSDUH prevalence of stimulant misuse to be 3.5% among respondents 12þ years of age. MTF estimated stimulant misuse in the last 1 year (including methamphetamine) to be 4.5% among 8th graders and 12% among 12th graders [7 && ]. Definitional and other methodological issues affect the reported prevalence of substance use as well. Absent students and nonenrolled youth are excluded from the MTF sample, which could lead to biased rates [9] . Hispanics, who have higher school dropout rates [10] , would be underrepresented in school-based surveys -this is especially problematic in that nonwhites have higher medication diversion rates compared with whites [11] . Additionally, a child could be taking prescribed stimulants fraudulently obtained by faking symptoms with the physician.
Another national study, the National Survey of Adolescents-Replication (NSA-R), which is telephone based, reported a 2.7% prevalence of last year stimulant NMU among youth 12-17 years [12] . For that study, youth were asked: Have you ever taken 'on your own' or nonmedically stimulants like Ritalin, speed, Adderall, diet pills? These questions differ from those previously mentioned, further illustrating variability that exists in the assessment of nonmedical prescription stimulant use.
Regional studies have also been conducted; they have assessed stimulant misuse through a web survey with middle and high school students and found lifetime NMU of attention deficit hyperactivity disorder (ADHD) stimulants to be 4.5% [9] . Kroutil et al. [13] identified lifetime prevalence of misuse of stimulants to be 2.6% among 12-17 year olds. Another found NMU of prescription stimulants to be 2.4% among youth in Mississippi schools [14 & ]. These are the only studies of stimulant misuse that can be found among youth. Others assess 'use of prescription drugs to get high', without looking specifically at rates of each type.
The national monitoring of adolescent prescription stimulants study
To resolve these methodological issues to detect current levels of NMU of prescription stimulants among preteens and adolescents, the National Monitoring of Adolescent Prescription Stimulants Study (N-MAPSS) was launched with an innovative method to detect signals of use and misuse. An entertainment venue intercept method -used previously to recruit people in popular venues where they congregate or visit -allowed us to economically reach a large and diverse sample of over 11 000 youth [15] [16] [17] [18] [19] 20 && ]. This method and rate comparisons with other more traditional sources of recruitment are the focus of this review.
METHODS
Our methods are described below.
Research site selection
To begin, standard federal regions of the United States (Office of Management and Budget) Circular A-105 used by the National Survey of Children's Health were selected. Then, the IMS Health database -which identifies prescriptions dispensed in the USA at retail pharmacies, using the ZIP code of each prescriber -was used to identify the states with the highest volume of stimulant prescriptions and the city within each with the highest volume.
The regions, states, cities, and their 2008 rankings are shown in Table 1 : four cities represented eastern USA (Boston, New York, Philadelphia, and Tampa); three represented central USA (St Louis, Cincinnati, and Houston); and three represented western USA (Denver, Los Angeles, and Seattle).
ZIP code enumeration
Areas were characterized as urban, suburban, and rural, determined by city limits, proximity to city
KEY POINTS
The first US national study that monitored preteen and teenage use, nonmedical use, and diversion of prescription stimulants with significant details for each topic.
This study showed effectiveness of an entertainment venue intercept method in recruiting a nationally representative sample for the survey.
This study found lifetime rates of stimulant use to be nearly 15%.
The last 30-day rate of prescription stimulant use was 7.3%, with NMU reported to be more than half that rate (3.9%).
limits, and population density. All five-digit ZIP codes contained in the selected city boundary were defined 'urban'. Those contiguous to the urban ZIP codes were defined suburban and included if a population density was less than urban, but more than rural (the US Census does not define suburban). ZIP codes contiguous to suburban areas with fewer than 1000 persons per square mile were considered rural.
Eligibility criteria and participant recruitment
Youth 10-18 years of age residing in an urban, suburban, or rural ZIP code from one of the ten cities were eligible. Youth unaware of their ZIP code, non-English readers, cognitively impaired, or in college were excluded. N-MAPSS utilized the entertainment venue intercept method to comprehensively and inclusively reach youth where they were likely to be, to achieve representativeness. This was accomplished by sending recruiter interviewers to carefully selected venues (shopping malls, movie theaters, sports and recreation centers, libraries, arcades, skate parks, and parks) to locate a diverse and representative sample of youth in each region. Criteria for venue selection included being inside the designated ZIP code boundary, being youth friendly, having a large customer base, being age appropriate, and allowing study recruitment. Home-schooled and truant youth were included. The most common venue visited was malls (69%), followed by parks and other shopping areas (13%). Libraries, skate parks, recreation centers, movie theaters, and restaurants or food courts accounted for 11% of venues.
Recruiter interviewers approached the potential respondents in venues based on the time and day youth most likely attend each venue, similar to the MacKellar et al. [19] and Zhao et al. [16] studies. Recruiter interviewers documented the city, date, time, sex, race/ethnicity and number of eligible youth in the approached group and age, grade, and ZIP code for each person contacted. Youth were coded as complete, refused, or ineligible (because of college, age, language, out of ZIP code, or over quota). Demographics of noncompleters were used to calculate a response rate.
Recruiter interviewers answered the respondents' questions about the study and obtained implied assent, indicated by survey completion. Parental permission was not solicited per Washington University and University of Florida Human Protection Research Offices because all survey data were anonymous.
Sampling goals
The target sample size was based on a power calculation assuming a 4% rate of stimulant use; 270 youth per site was adequate (80% power) to detect a 3% difference in rates across sites. With four data collection periods, 1080 youth per site would be adequate to show even small differences.
Recruitment goals ensured representation of all ages and urban, suburban, and rural status. Our goal was to include 20% 10-12 year olds, 40% 13-15 year 
Assessment
The cost and logistics of supplying computers to 30-40 interviewers in 10 cities motivated us to use a full-color paper assessment, which was familiar to youth, easy to use, and eliminated technical complications of computer malfunctions. The N-MAPSS research team adapted survey questions from the Substance Abuse Module (SAM) [21] and the Washington University Risk Behavior Assessment (RBA) [22] on quantity and frequency, route of administration, reasons, and source of use. The 20-min assessment, conducted in private, was divided into two ( Table 2 ). After Part I was completed, mostly on demographics and dosage and form recognition, respondents completed Part II, in which information on lifetime and last 30-day use of Adderall, Concerta, Daytrana, Ritalin, and Vyvanse was assessed with photos of each. (All formulations were queried, including immediate release and extended release.) NMU was assessed by use other than by mouth (except for Daytrana), use of someone else's medications, more than prescribed, or use 'to get high', 'out of curiosity' or 'just because'. After completion, participants were given a $10 electronics store gift card.
Test-retest substudy
Before the study, a Pre-Test Reliability Feasibility study was conducted with a sample of 10 each of 10-12 year olds, 13-14 year olds, 15-16 year olds, and 17-18 year olds to ensure the assessment was appropriate for all. Participants were recruited via flyers in St Louis; to be enrolled youth had to have used any Adderall, Concerta, Daytrana, Ritalin, or Vyvanse.
Interviewers guided 10-12 year olds through the written survey, but were present in the room with [13] [14] [15] [16] [17] [18] year olds to answer any questions during survey self-administration (Time 1). Respondents returned 7 days later for the Time 2 survey with a different interviewer. As locating information was needed for the Time 2 interview, parental and youth informed consent was needed. All participants received a $40 gift certificate to an area department store.
The data showed good-to-excellent agreement between Time 1 and Time 2 interviews (kappas ¼ 0.6-1.0); use of drugs and an attention deficit disorder (ADD) diagnosis were in nearly perfect agreement (0.95-1.0).
After Time 2, the project coordinator conducted a Discrepancy Interview Protocol (DIP) and Debriefing Interview to identify the questions needing modification [23] . The DIP compares answers from Time 1 to Time 2 to assess whether inconsistent responses were because of misunderstanding questions, inability to remember answers, change in situation since the first interview, or if the youth was not paying attention. A debriefing interview was then conducted with 50 10-18 year olds to evaluate their understanding of the intent of the questions. Participants received a $10 gift card for these interviews. Responses indicated that youth had no difficulty understanding the questions; no other inconsistencies were found, confirming that the survey was feasible.
Hiring and training of recruiter interviewers
Craigslist was used to find recruiter interviewers, along with university listservs and career centers. Once hired, recruiter interviewers received a Training Manual with ZIP codes, Question-by-Question Specifications, Screeners, Logs, Adverse Event Forms, surveys, and Code of Conduct material. A 2-h training via Skype was held which covered a practice interview and editing session. Additional time was needed to review the details before recruiter interviewers entered the field. The project coordinator was available every day and evening via text messaging to address issues that arose; she also gave immediate feedback and guidance on the surveys. Booster training continued throughout field periods to reinforce protocol adherence. For subsequent cross-sections, recruiter interviewers were chosen from among the excellent performers. St Louis project staff and investigators also collected surveys for first-hand experience (L.B. Cottler and C. Striley).
Quality control
Quality control from St Louis included a check of handwriting on all self-administered surveys; analyses were conducted to identify variable outliers, suspicious patterns, and potentially fabricated data [24] . Questionable surveys were reviewed by the team resulting in 164 surveys being excluded.
Surveys were also checked with the Statistical Analysis System random number generator for duplication both within and across field periods.
Suspicious cases were matched on ZIP code, sex, age, ethnicity, birth order, and grade in school. In five replications, the pool of potential repeaters was found to be 1.0-2.5%. We examined seven pairs that matched on all six criteria and agreed on cigarette, alcohol, marijuana, and prescription stimulant use, and history of ADD/ADHD. Three of these also had similar family compositions and handwriting; they were excluded from further analysis.
RESULTS
The study was carried out in four cross-sections of data collection with fall and spring selected. In fall of 2008, in 52 days, 2820 adolescents were surveyed. In spring 2009, in 74 days, 2878 youth were surveyed. The third period, fall 2010, took 82 days to yield 2839 surveys. The final period, in spring 2011, concluded 84 days later with 2931 surveys collected.
Among the 21 444 youth approached (Fig. 1) , 25% did not stop to hear the recruiter interviewer's introduction. Additionally, 21% were ineligible mostly (84%) because of their age or an ineligible ZIP code. Another 10% who stopped to hear about the survey refused participation. Among the 11 468 youth who participated, 420 were eliminated as shown in the figure. The remaining 11 048 youth represented an 86.7% participation rate and a 68% overall response rate (11 048/16 143). Among these, 48, 37, and 15% were urban, suburban, and rural, respectively, in line with the goal.
As shown in Table 3 , data are stratified by urbanicity and age, with 55.6% of youth living with both parents and 43.7% reporting excellent health. Other (Table 4) , with over half (53%) being NMU (3.9%). Diversion was stratified by having received (incoming) or given (outgoing) pills. Older youth were more likely than younger to report being approached to divert medications, or diverting and receiving prescription stimulants. In fact, 2.4-4.9% of 10-12 year olds reported incoming diversion. About 12% of youth reported lifetime diversion of prescription stimulants; 4.3% reported both incoming and outgoing diversion, with rates increasing with age. The highest rate of any lifetime diversion (6.6 þ 3.1 þ 7.6% ¼ 17.4%) was among 16-18 year old rural youth.
DISCUSSION
Assessing the stimulant use from teens and preteens presents challenges around definitions, sampling, and validity. This is the first US national study that monitored preteen and teenage use, NMU, and diversion of prescription stimulants, using photo cards with and without brand names, and multiple questions to assess NMU and medical use. N-MAPSS employed an innovative sampling technique of recruiting respondents and conducting surveys in popular youth-oriented entertainment venues that helped overcome the limitations of school-based sampling, such as home-schooled adolescents, school drop-outs, and other selective absenteeism [25] . By conducting a recruiter interviewer's paper-based survey, and not a web-based one, there was the ability to validate the approximate age of our participants, unlike other studies recently completed [9, 26, 27] . Also, unlike other surveys, N-MAPSS focused primarily on prescription stimulants and collected brand-level information with photos of each drug. Specifically, five stimulants were focused on and eight questions were asked per drug which allowed the assessment of medical as well as the NMU of each stimulant along with subtypes of diversion and other risk factors. This enabled N-MAPSS to be uniquely comprehensive as well as exhaustive in assessing prescription stimulant use. Other information, not the focus of this review, such as qualitative data on what teens think could be done to reduce the NMU of prescription drugs, adds to the study.
The lifetime prevalence of use of prescription stimulants assessed in the N-MAPSS is 14.8%. Learning from the past experience in substance use measurement and prior, albeit limited, prescription stimulant research, and as reported earlier, the N-MAPPS survey asked specific questions for each of five stimulants that allow a distinction to be made between medical use and NMU exclusively. Using this distinction, the rate of last 30-day NMU only was found to be 2.7%. A last month prevalence rate of 3.9% (both medical and nonmedical) was found; most other studies have reported a last 12-month prevalence of under 5% [12, [28] [29] [30] .
The entertainment venue methodology was found to be highly successful as measured in several ways. First, only 10% of eligible youth declined participation -a mark of success at a time when household surveys are experiencing record low response rates [31] . N-MAPSS has a large database of 1406 10-12 year olds, which other studies lack. Second, the rates of self-reported ADD/ADHD, stimulant use, NMU, medical use, school suspension history, and other indicators were consistent across four cross-sections. Third, when the age, sex, race, and urban/rural composition of the 11 048 youth in the 10 N-MAPSS cities were compared with that of the 2010 US Census for each of the cities, the sample was found to be highly representative, though there were slightly fewer men, Hispanics, and African-Americans in several cities. Fourth, this method, modeled on the venue-time sampling method, allowed us to recruit a large number of youth in a relatively short period without the need for parental approval [15, 19] .
CONCLUSION
The N-MAPSS survey was launched in view of the limitations imposed by variable methodology, definition, and measurement in the understanding Table 4 . N-MAPSS prevalence of use, misuse, and diversion of Rx stimulants by residential area and age Rural of prescription stimulant use and misuse. The utilization of innovative methods to best recruit and survey youth based on ZIP codes across ten cities in the USA led to the comprehensive assessment of a nationally representative sample of youth. Additionally, inclusion of youth not reachable through conventional methods of school based or telephone surveys was possible. The last 30-day prevalence rate for NMU as assessed in the N-MAPSS was 3.9% overall (1.2 plus 2.7%).
